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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001 ] The present invention relates to optical fiber amplifiers and in particular, to optical fiber amplifiers which flatten 
the power of optical signals which are amplified from the optical fiber amplifiers and will be output extending over a 
wide wavelength range and a wide optical input power range. 

10 

Description of Related Art 

[0002] Optical fiber amplifiers include, for example, erbium-doped optical fiber amplifiers, praseodymium-doped op- 
tical fiber amplifiers, neodymlum-doped optical fiber amplifiers and optical fiber amplifiers doped with other rare earth 
IS elements'^ For instance, production of erbium-doped optical fiber amplifiers, research into their characteristics and 
further development have advanced as described in the paper "HIKARIZOFUKUKI TO SONO OYO" (Ohm Corp. pub- 
lished May 30, 1992, pp. 99 to 123). 

[0003] An erbium-doped optical fiber amplifier (EDFA) is an amplifier that utilizes an optical fiber with a glass fiber 
core doped with erbium ion (Er+^) (erbium-doped fiber). Pumping light fonns an inverse distribution Inside the EDF, 

20 When an optical signal is input as an optical input Into an EDF having fonried therein an inverse distribution, emissions 
occur inside the EDF amplifying these optical signals. The amplified optical signals are then output as an optical output. 
[0004] Fig. 1 shows characteristics of the wavelengths and optical output power of an EDFA. In Fig. 1, the wavelength 
Is shown in the horizontal axis (units: nm) and the optical output power is shown in the vertical axis (units: dBm). Fig. 
1 shows output characteristics when optical signals of eight different wavelengths each having an optical power of - 

25 26 [dSm/ch] are simultaneously input into an EDFA as optical Inputs and then amplified. From the output characteristic 
data shown in Fig. 1 , it is understood that there is a difference in the optical output power for each wavelength, in other 
words, within the plurality of wavelengths there is a wavelength dependency output power deviation AG in the output 
between the maximum optical output power and the minimum optical output power. This deviation AG is an output (or 
gain) deviation. 

30 [0005] When this EDFA is provided in multistages in a transmission system having a long span as optical amplifier 
repeater, the output power deviation AG accumulates sequentially. Because of this, that wavelength causes the optical 
output signal to experience S/N degradation, and in a worst case scenario, signal loss. 

[0006] Further, the wavelength dependency output power deviation of a conventional EDFA changes in response to 
the input state. Fig. 2 shows the relation between the wavelengths of an obtained optical output signal and optical 
. 55 output power when the optical input power changes to seven paths and is input Into an EDFA for optical signals having 
eight different wavelengths. The wavelength is shown in the horizontal axis (units: nm) and the optical output power 
is shown in the vertical axis (units: dBm). Characteristic curves A, B, C, D, E, F and G correspond to and optical input 
power of -12, -1 4, -1 6, -1 8, -20, -22 and -24 (units: dSm/ch), respectively. As can be understood from the results shown 
in Fig. 2, the output deviations occurring In the optical output power of the EDFA differ in response to changes in thie 

40 optical input power. For example, according to the results shown In Fig. 2, the optical output power close to 1532 nm 
Is approximately 8 dBm and the output deviations of the optical output power are small for the input. However, If the 
wavelength expands to the 1544 nm side, the optical output power becomes smaller and Is at its minimum close to 
1 540 nm. Then, the output deviation of the optical output power for the signal close to 1 540 nm changes approxirnately 
4 dB with respect to changes In the Input power. This means that the slope of the spectrum of the optical output signal 

45 during batch amplification of multiple waveforms changes in response to changes in the input power. 

[0007] Conventionally, the following two methods have been proposed as methods to reduce (compensate) the wave- 
length dependency output power deviation of an EDFA and flatten the output power 

[0008] The first method is a method wherein a gain equalizer comprising an interference filter and/or a fiber grating 
is inserted on the output side In a first stage EDFA or within or on the output side In a second or more stage EDFA. 
so This method cancels output deviations of EDFAs by means of providing the gain equalizer with characteristics opposite 
to the output characteristics which are wavelength dependent. 

[0009] The second method is a method wherein Improvements are made to the amplifier medium Itself. For example, 
in this method the amplifier medium itself malces the output power flatten by adding phosphorus (P) to an EDF to create 
a hybrid EDF. 

55 [0010] However, the first method that uses the above-mentioned gain equalizer has the following problems. At first, 
it is difficult to design a gain equalizer that has characteristics opposite to an EDFA. Next, In reality a gain equalizer 
only corresponds to a wavelength dependency output power deviation of one certain optical input power. In other 
words, it is not possible to use a gain equalizer to flatten the optical output power of a wavelength division multiplexing 
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signal output from an optical fiber amplifier extending over the entire input power range and input wavelength region 
of a wavelength division multiplexing signal input to an optical fiber amplifier. For attaining the reduction of a wavelength 
dependency output power deviation over the entire input power ranjge and input wavelength region by means of the 
first method, it would probably be necessary to use an active gain equalizer (optical component) with gain equalizing 
5 characteristics which depend on the optical input power For example, the necessity of a movable portion to change 
the incident angle of the optical signal directed towards a filter for each power or the necessity of optical components 
to change the angle of the filter in response to an input signal make it difficult to practically use the first method reliably 
and with control. 

[0011] The second method that utilizes an amplifier medium itself has the following problems. When this method is 
10 used, it is difficult to design the amplifier medium itself. Namely, the wavelength range In which the amplifier medium 
can handle. amplification processing is limited. Therefore, it is difficult to provide a composition of an amplifier medium 
to achieve gain flattening of optical power of an optical output signal extending over a wide wavelength range. Further, 
the above-mentioned wavelength dependency output power deviation Is dependent on the optical input power as pre- 
viously described referring to Fig. 2 for the hybrid EOF doped with phosphorus (P) and another amplifier medium. 
IS Because of this, the optical input power did not allow flattening of the optical output power. In other words, uniform 
gain cannot be achieved. 

[0012] Thereupon, the inventors of this application earned out various research and experiments to solve the above- 
mentioned problems. As a result, the inventors were aiming at an EDFA with amplification characteristics of optical 
power which were dependent on the wavelength In addition to absorption characteristics of optical power which were 

20 dependent on the wavelength as well. The inventors considered that if amplification optical fibers which actuate by 
amplification characteristics and absorption optical fibers which actuate by absorption characteristics were connected 
in series together within one transmission path as well as absorption optical fibers having absorption characteristics 
which allow compensation of amplification characteristics, it would be possible to equalize (flatten) the gain, namely 
the optical power, of each optical multiplexed output signal from the amplification optical fibers. 

25 [001 3] Examples of gain flattening configurations are also disclosisd in JP 9043647 A, JP 51 07573 and Electronics 
Letters, 32 (1996) 23, pages 2175-2177. 

SUMIVIARY OF THE INVEhJTION 

30 [0014] The object of the present invention, as defined in claims 1 -1 9, is to provide optical fiber amplifiers which can 
flatten the gain of optical output signals, namely optical power, with respect to optical Input signals extending over a 
wide wavelength range and a wide optical input power range as well as efficiently flattening the optical power 
[0015] According to a first aspect of the present Invention, optical fiber amplifiers are provided which use optical 
fibers to amplify optical signals which enter the amplifiers from an input port and are emitted from output port. The 

35 optical fiber amplifiers include main optical amplifiers and first gain equalizers connected to the main optical amplifiers 
between the input port and the output port. The main optical amplifiers comprise first optical fibers which amplify the 
optical signals, a first pumping light supply means whjch supplies a first pumping light to excite the first optical fiber, 
and a non-reciprocal means which controls the reflection of light on the input port and the output port. The first gain 
equalizers comprise a second optical fiber for flattening the gain of the power of the optical signal to be emitted from 

40 the output port within a fixed wavelength range. 

[001 6] According to this composition, a second optical fiber that absortss the optical power of optical signals Is pro- 
vided in addition to the first optical fibers which amplify the optical power of optical signals. Deviations In the optical 
power of optical output signals amplified by the first optical fibers, namely, wavelength dependency of output deviations 
(referred to as amplification output deviations) can be measured and discovered In advance. Further, deviations in the 

45 optical power of optical output signals absorised by the second optical fibers, namely, wavelength dependency of output 
deviations (refen-ed to as absorption output deviations) can also be measured and discovered in advance. Therefore, 
the first optical fibers and the second optical fiber that transfers absorption output deviations which can provide optimal 
compensation of the amplification output deviations are used in combination. When used in combination In this manner, 
the second optical fiber equalizes the gain of the output power of the main optical amplifiers during operation of the 

so optical fiber amplifiers, in other words, the second optical fiber operates as a gain equalizer that flattens the output 
power Because of this, it becomes possible to flatten the output power from the optical fiber amplifiers. Moreover, the 
first gain equalizer can be disposed in front of or in bacl< of the main optical amplifiers. 

[0017] According to the present invention, gain flattening uses the wavelength dependency of absorption character- 
istics of the second optical fiber to compensate for wavelength dependency output power deviations based oo ampll- 

55 fication characteristics of the first optical fiber. 

[0018] in addition, the above-mentioned non-reciprocal means can be a means that combines a function to cut out 

pumping light or can be added thereto a separate means that cuts out pumping light as necessary. 

[0019] According to a preferred embodiment of the present invention, the second optical fiber can be provided with 
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a wavelength dependency of the absorption characteristics opposite to the amplification characteristics of the first 
optical fiber within a fixed wavelength range. According to this composition, gain flattening can be efficiently achieved. 
[0020] According to another preferred embodiment of the present invention, a stimulated emission cross-sectional 
surface area of a first equivalent optical fiber may be identical to the reverse of a light absorption cross-sectional surface 

5 area of a second equivalent optical fiber when it is assumed that the first optical fiber Is replaced by the first equivalent 
optical fiber and the second optical fiber is replaced by the second equivalent optical fiber. According to this composition, 
without regard to the number of main optical amplifier and first gain equalizer stages provided in the transmission path 
It Is possible to make matching the amplification characteristics of all provided main optical amplifiers with the absorption 
characteristics of all provided gain equalizers In such a manner to cancel each other. Thereby making It possible to 

10 achieve flattening of the output power from the optical fiber amplifiers. 

[0021] According to another preferred embodiment of the present invention, it is preferable for the first and second 
optical fibers to be cut from one optical fiber produced under identical manufacturing conditions, in this manner, the 
wavelength dependency amplification characteristics and the wavelength dependency absorption characteristics of 
the first and second optical fibers are almost identical. Thereby making it possible to achieve efficient gain flattening, 

IS namely, flattening of the output power. 

[0022] According to another preferred embodiment of the present invention, a non-reciprocal means can comprise 
first Isolators connected between the Input port and the first optical fiber and second isolators connected between the 
first optical fiber and the output port The non-reciprocal means may comprise a means that cuts out pumping light as 
necessary. For example, adding a filter. According to this composition, the reflection of light from the input port and the 

20 output port can be controlled in addition to allowing pumping light to be cut out as necessary. 

[0023] According to a preferred embodiment of the present invention, it is preferable to provide a second pumping 
light supply means that supplies a second pumping light to excite the second optical fiber and change the wavelength 
dependency of the absorption characteristics of the fiber to characteristics different from the wavelength dependency 
of the absorption characteristics during a non-pumping state. The adjusting of the wavelength dependency of the 

25 absorption characteristics of the second optical fiber will make it possible to achieve efficient flattering of the output 
power. 

[0024] Furthermore, according to an embodiment of the present invention, it is preferable to provide a detection 
means that detects the power of the optical signal, and an pumping light control circuit that controls the power of the 
second pumping light from the second pumping light supply means.based upon the detected power from the detectton 
30 means. According to this composition, for example, the optical input signal or changes over time of the output power 
of the first optical fiber are allowed to track making It possible to achieve gain flattening of the output power with even 
more efficiency. 

[0025] In this embodiment of the present invention, it is preferable to provide a prevention means that prevents the 
first pumping light from the first pumping light supply means from entering the second optical fiber. According to this 

35 composition, during the operation of the optical fiber amplifiers fluctuations in the wavelength dependency absorption 
characteristics caused by the first pumping light of the second optical fiber can be controlled. Therefore, the wavelength 
dependency absorption characteristics of the second optical fiber due to the signal of the first optical fiber can be utilized. 
[0026] In this embodiment of the present invention, it is preferable for the first pumping light supply means to have 
a first optical means, for example, a first WDM (Wavelength Division Multiplexing Signal) coupler and a first pumping 

40 light source that generates the first pumping light. The first optical means can be connected to the Input port, the first 
pumping light source and the first optical fiber, and the optical signal and the first pumping light can be optically mul- 
tiplexed passing through to the first optical fiber 

[0027] Further, the first optical means is connected to the output port, the first pumping light source and the first 
optical fiber with the optical signal passing through to the output port side and the first pumping light passing through 

45 towards the first optical fiber 

[0028] In this embodiment of the present invention, it is preferable for the first gain equalizers to be connected be- 
tween the main optical amplifiers and the output port and even further, to provide a second gain equalizer between the 
first gain equalizers and the output port. According to this composition, a wavelength range and/or power range with 
an insufftelent amount of output flattening by the first gain equalizers can be compensated for using the second gain 

50 equalizer. 

[0029] The second gain equalizer need not be a movable portion and can be an Interference filter, a fiber grating an 
etaton filter or a Mach-Zehnder type filter. 

[0030] In this embodiment of the present invention. It is preferable for the second pumping light supply means to 
have a second optical means, for example, a second WDM (Wavelength Division Multiplexing Signal) coupler and a 
55 second pumping source that generates the second pumping light. The second optical means passes an optical signal 
towards the second optical fiber or an optical signal from the second optical fiber In addition to passing the second 
pumping light towards the second optical fiber. 

[0031] According to a second aspect of the present invention, optical fiber amplifiers include first and second main 
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optical amplifiers and first gain equalizers connected to the first and second main optical amplifiers between the input 
port and the output port. The first and second main optical amplifiers comprise first optical fibers which amplify the 
. optical signals, a first pumping light supply means which supplies a first pumping light to excite the first optical fiber, 
and a non*reciprocal means which controls the reflection of light on the input port and the output port. The first gain 

5 equalizers comprise a second optical fiber for flattening the gain of the power of the optical signal to be emitted from 
the output port within a fixed wavelength range. According to this composition, flattening of the output gain of the first 
and second main optical amplifiers can be achieved by the first gain equalizers. Forthis case, a function can be provided 
in the non-reciprocal means itself that cuts out pumping light. Alternatively. In addition to the above-mentioned non- 
reciprocal means, a separate means that cuts out pumping light may be provided as necessary 

10 [0032] According to this composition, Investigations were carried out In advance by means of experimentation on 
wavelength dependency amplification characteristics of the first optical fiber and wavelength dependency absorption 
characteristics of the second optical fiber with characteristics opposite to the first optical fiber. Then, gain of the optical 
signal to be emitted from the output port could be flattened in a fixed wavelength region of the wavelength division 
multiplexing signal that enters the input port and within a fixed power region using the second optical fiberto compensate 
for output deviations of the first optical fiber. 

[0033] in a prefen-ed embodiment of the method of the present invention, a wavelength division multiplexing signal 
output from the second optical fiber passes through the first optical fiber Is sent to the output port. 
[0034] In another pretended embodiment of the method of the present invention, a wavelength division multiplexing 
signal that enters from the input port passes through the first optical fiber is sent to the second optical fiber. 
20 [0035] In this embodiment of the method of the present invention, It Is preferable for the wavelength division multi- 
plexing signal to pass through the second optical fiber while the second optical fiber is In a non-pumping state or in 
the absorption region. 

[0036] Furthermore, In this embodiment of the method of the present invention, it Is preferable for the wavelength 
division multiplexing signal to pass through the second optical fiber while the second optical fiber Is in an pumping 
25 state within a range in which an optical signal Is not amplified. Or, the composition can be such that the pumping state 
of the second optical fiber changes In response to the state of the power of the wavelength division multiplexing signal. 
[0037] Thus, by means of exciting the second optical fiber or making it possible to adjust that pumping state within 
a range in which an optical signal is not amplified, the gain of the output power can be flattened with even more accuracy. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] The foregoing and other objects, features and advantages of the present invention will be better understood 
from the following description taken in connection vyith the accompanying drawings. 

35 Fig. 1 provides an explanation of a conventional optical fiber amplifier and an optical fiber amplifier of the present 
invention. This figure shows a wavelength dependency output power deviation of an EDFA; 
Fig. 2 provides an explanation of a conventional optical fiber amplifier and an optical fiber amplifier of the present 
invention. This figure shows optical input power dependency of a batch amplification of multiple waveforms of an 
EDFA; 

40 Fig. 3 (including Fig. 3 (A) to (D)) are block diagrams which provide explanations of the composition of a conven- 
tional optical fiber amplifier and an optical fiber amplifier of the present invention; 

Fig. 4 provides an explanation of an optical fiber amplifier of the present invention. This figure shows an input 

dependency of the absorption characteristics of a secondary fiber (namely, an absorption EDF); 

Fig. 5 Is a block diagram that provides an explanation of the composition of the first embodiment of an optical fiber 

45 amplifier of the present invention; 

Fig. 6 shows characteristic curves which provides an explanation of an optical fiber amplifier of the present Invention 
and which provide an explanation of amplification characteristics of an EDF to be used as a first optical fiber (EDF 
amplifier) and absorption characteristics of an EDF to be used as a second optical fiber (absorption EDF); 
Fig. 7 (including Figs. 7(A) and 7(B) show characteristic cun/es of the wavelength dependency of optical output 

50 power for explaining a conventional EDFA (Fig. 7(A)) and EDFA of the first embodiment of tiie present invention; 
Fig. 8 (including Figs. 8(A) and 8(B)) show other characteristic cun/es of the wavelength dependenty of optical 
output power for explaining the first embodiment of the present invention; 

Fig. 9 (including Figs. 9(A). 9(B), 9(C) and 9(D)) show the relationship between tiie optical input power and the 
optical output power for explaining the first embodiment of the present Invention; 
55 Fig. 1 0 is a block diagram that provides an explanation of the composition of the second embodiment of an optical 
fiber amplifier of the present Invention; 

Fig. 11 Is a block diagram tiiat provides an explanation of the composition of the third embodiment of an optical 
fiber amplifier of the present invention; 
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Fig. 12 is a block diagram that provides an explanation of the composition of the fourth embodiment of an optical 
fiber amplifier of the present Invention; 

Rg. 13 is a block diagram that provides an explanation of the composition of the fifth embodiment of an optical 
fiber amplifier of the present invention; 
5 Fig. 1 4 is a block diagram that provides an explanation of the composition of the sixth embodiment of an optical 
fiber amplifier of the present invention; 

Rg. 1 5 Is a block diagram tliat provides an explanation of the composition of the seventh embodiment of an optical 
fiber annplifler of the present Invention. 

10 DESCRIPTION OF THE PREFERRED EMBODIMEffTS 

[0039] In the following, prefen^ed embodiments of the optical fiber ampiifiers and the flattening method of the output 
power of the optical fiber amplifiers will be described with reference to the attached drawings. In the. embodiments ' 
described below, EDFA represents the optical fiber amplifiers and EDF represents optical fibers having wavelength 
15 absorption characteristics. 

[0040] Further, the embodiments described below are simple preferred embodiments. The inventors want to make 
clear that the present invention is not iimited to these embodiments. 

[0041] At first, before describing each embodiment, the EDFA and absorption EDF used by the present invention 
will be described. 

20 [0042] Fig. 3 (A) is EDFA 10 indicated by symbols. In the figure, 12 and 14 are an input port and an output port, 
respectively, whereto EDFA 10 is connected. Fig 3. (B) to (D) shows concrete examples of the composition of EDFA 
10. Nontially, EDFA 10 comprises an optical fiber (here EDF 20) that amplifies an optical signal that enters from input 
port 12, one or two pumping light supply means 22 whk:h supply an pumping light to excite optical fiber 20, and non- 
reciprocal means 26, 28 which control the reflection of light on input port 12 and output port 14. Pumping light supply 

25 means 22 has an pumping light source (LD1) 22a such as a semiconductor laser, a first optical means 22b that mul- 
tiplexes an optical signal and pumping light sending them to optical fiber 20 and/or passes an optical signal from optical 
fiber 20 to output port 14 together with passing pumping light to optical fiber 20. First optical means 22b can be, for 
example, a first WDM coupler or a first polarization beamsplitter, in this embodiment first WDM coupler 22b Is shown 
by example. 

30 [0043] Fig. 3 (B) is a block diagram showing an example of a composition of a fonward pumping or co-propagation 
pumping type EDFA 1 0A (FP type). This composition example comprises a first isolator comprising, for example, non- 
reciprocai means 26 that is connected to input port 12, first WDM coupler 22b that Is connected to first isolator 26, 
amplification optical fiber 20 (hereinafter this optical fiber is referred to as first optical fiber or first EDF) that is connected 
to the first WDM coupler, and a second isolator comprising, for example, non-reciprocal means 28 that is connected 

35 between first optical fiber 20 and output port 1 4. The optical signals and pumping light in EDFA 1 0A in this composition 
example have matching travel directions. 

[0044] Fig. 3 (C) Is a block diagram showing an example of a composition of a backward pumping or counter-prop- 
agation pumping type EDFA 10B (BP type). In the above-mentioned composition example of Fig. 3 (6), pumping light 
supply means 22 Is connected between first Isolator 26 and first optical fiber 20. However, In the composition example 
40 of Rg. 3 (C), the fact that pumping light supply means 22 is connected between first optical fiber 20 and second isolator 
28 differs from the composition example of Fig. 3 (B). The optical signals and pumping light in EDFA 108 in this com- 
position example have travel directions opposite to each other. 

[0045] Rg. 3 (D) Is a block diagram showing an example of a composition of a backward pumping or counter-prop- 
agatlon pumping type EDFA 1 0C (BDP type). In this composition example, an pumping method Is used that combines 

45 the pumping methods of Rg. 3 (B) and Fig. 3 (C). 

[0046] When a wavelength division multiplexing signal is input into any of the above-mentioned EDFA 1 0A, 1 0B, and 
IOC, the optical power of these signals Is simultaneously amplified together and output as an amplified wavelength 
division multiplexing signal. In other words, the pumping light emitted from pumping light source 22a passes through 
first WDM coupler 22b and then each light Is absorised by first optteal fiber 20 causing a sufficient reverse distribution 

so inside this first optical fiber 20. In a state In whfch this pumping light is entering into first opttoal fiber 20, the optical 
input, namely, the optical signal enters this first optical fiber 20. The optical signal is amplified in order following the 
propagation within first optical fiber 20 due to a stimulated emission action. This amplified optical signal passes through 
second Isolator 28 and is externally discharged or emitted from output port 1 4 to EDFA 1 0A, 1 0B, and 1 0C as an optical 
emission signal or an optical output. Further, the connection order of first Isolator 26 and pumping light supply means 

55 22 in Fig. 3 (B) and (D) can be switched between input port 1 2 and first optical fiber 20. 

[0047] As already described in Fig. 1 , the amplification characteristics of the optical output discharged from output 
port 1 4 are dependent on the wavelength. These amplification characteristics can be called a wavelength dependency 
amplirication characteristic below. As already described in Rg. 2, this wavelength dependency amplification charac- 
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teristic changes due to optica) input power. 

[0048] A non-pumping EDF is exhibit absorption characteristics. Fig. 4 shows absorption characteristic curves to 
describe absorption characteristic of a non-pumping EDF. These absorption characteristics are a result obtained from 
measurements of the power of Incident light reflecting incident to the EDF and the power of the optical output from the 

5 EDF In a state in which the EDF Is not excited. The wavelength Is shown In the horizontal axis (units: nm) and the 
absorption (loss characteristics) Is shown in the vertical axis (units: dBm). Curve a Indicated by the broken line is shown 
with an optical Input power of -5 dBm and curve b indicated by the solid line is shown with an optical input power of 0 
dBm. As is clear from either of the characteristic curves a and b, the absorption characteristics for a non-pumping EDF 
has an Increasing absorption from a wavelength close to 1520 nm with a maximum absorption close to 1530 nm. 

10 Thereafter, following the increasing wavelength, the absorption can be said to be monotonous making It possible to 
understand the changes. In other words, the non-pumping EDF exhibits absorption characteristics due to loss of the 
EDF itself namely, dampening characteristics. The wavelengjth characteristk:s of this absorption or dampening is ap- 
proximately opposite to the amplification characteristics of amplification EDF 20 described referring to Fig. 2 and Fig. 
3 (In particular, refer to the wavelength range of 1530 to 1540 nm of Fig. 2 and Fig. 4). In addition, it can be understood 

IS that the absorption (dampening) characteristics change to active because of the optical power of the optical input from 
cun/es a and b to the non-pumping EDF. 

[0049] From the description already provided for Fig. 2 and Fig. 4, it can be understood that If the amplification EDF 
and an EDF that exhibits these absorption characteristics are used Jointly, the wavelength dependency output power 
deviation that changes due to the optical input power of the optical output amplified and output by the amplification 
20 EDF can be compensated to a considerable degree by the absorption characteristics of the EDF depending on the 
situation. 

[0050] Hereinafter, based on these facts, a definite example of a composition of an optical fiber amplifier that com- 
bines an amplification EDF and an absorption EDF and is comprised to allow flattening of the gain of an optical output 
will be described. Further, in the following description, conventional EDFA 10 (10A, 10B, IOC) comprising the optical 
25 fiber amplifier of the present invention will be referred to the main optical amplifier. Even further, because the absorption 
EDF (newly added compositional element) flattens the gain of a wavelength division multiplexing signal to be output 
from an optical fiber amplifier, this amplifteatran EDF will be refen^d to as a first gain equalizer here. 

First Embodiment 



[0051] Fig. 5 is a block diagram showing an example of the composition of optical fiber amplifier 50A of the present 
invention. This optical fiber amplifier 50 A comprises an FP type EDFA 1 0A described referring to Fig. 3 (B) as a main 
optical amplifier along with first gain equalizer 60 being connected between main optical amplifier 10A and output port 
14. Therefore, each compositional element of main optical amplifier 10A in Fig. 5 is represented by reference symbols 

35 Identical to Fig. 3 (B). First pumping light supply means 22 has a composition to generate a first pumping light and 
then multiplex this pumping light with an optical signal. First pumping light supply means 22 is comprised by a semi- 
conductor laser light source as first pumping light source 22a, and a WDM coupler as optical means 22b for multiplexing 
an optical signal with first pumping light. Using as first and second isolators 26 and 28 a means with a wavelength 
selectivity that can prevent passage of first pumping light from first pumping light source 22a to the input port or the 

40 output port Is preferable. 

[0052] First gain equalizer 60 is comprised by a second optical fiber. In this composition example optical fiber amplifier 
50A is operated by first optical fiber 20 being set to an excited state and second optical fiber 60 being set to a non- 
excited state. 

[0053] The next description will discuss the absorption characteristics during a non-excited state of second optical 
45 fiber 60 (second EDF) incorporated in the optical fiber amplifier of the composition of this first embodiment becoming 
essentially opposite to the amplification characteristics during an excited state of the first optical fiber 20 (first EDF). 
[0054] L| represents the optical signal entering from the Input port and Lq represents the optical signal emitting from 
the output port. Hereupon, the description will focus on the EDF used in first and second optical fibers 20 and 60. The 
optical power of wavelength X of the optical signal entering Into the EDF is Pin (X), the gain of this wavelength X is G 
50 {X) and the optical power of the optical signal emitted from the EDF is Pout (X). As described In the above-mentioned 
paper "HIKARIZOFUKUKI TO SONOOYO", for this case the following relations (1) to (3) are established. 



30 



Pout (X)= Pin (X).G(X) 



(1) 



55 



G(X) = Jg(X,z)dz 



(2) 
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g (X, z) = r [ae (X) ■ (z) - oa (X) • (z)] 



(3j 



[0055] The paraineter g (X, z) in expression (3) is a gain coefficient at a horizontal profile position of the EDR There- 
5 fore, as shown In expression (2), gain G (X) can be expressed by a value that integrates gain coefficient g (X, z) located 
at different positions of each horizontal profile of the EOF with fiber length. Furthemiore, F is a closed coefficient. In 
the EDF, aa (X) is an absorption cross section that is an approximate indication of optical energy being absorbed (units: 
(square meters)). In the EDF, ae (X) is an emission cross section that is an approximate indication of optical energy 
being emitted (units: m^ (square meters)). These aa (X) and oe (X) are values fixed depending on the type of EDR In 
the EDF, Ni and N2 are quantities which indicate a ratio of electrons located at a base level or a level higherthan that 
in units (erbium: Er^^) which absorb or discharge optical energy. Because of this, a value from 0 to 1 is used. The 
relationship between and N2 Is + = 1. No other relationship can be used. 

[0056] Fig. 6 shows a combination of and Ng and the type of changes every gain coefficient g (X, z), aa (X) and 
oe (X) go through in response to the wavelength in an EDF used in the first and second optical fiber. The wavelength 
(X) is shown In the horizontal axis (units: nm) and the gain coefficient g (X, z), aa (X) and ae (X) are shown In the vertical 
axis (units: m^). A Cutback method was used to measure the EDR As widely Icnown. these measurement standards 
are standardized. This measurement was canled out in a wavelength range of 1520 nm to 1570 nm and resulted In 
obtaining CI and C2. Calculations were determined from expression (3) for characteristic curve C3 to C11 (expression 
that corresponds to the one shown in Fig. 6). The relationship between each characteristic curve, and Ng, aa (X) 
and ae (X) are combined and shown in Fig. 6. 

[0057] Looking at these curves, as an example, for cu rve C11 , N ^ conresponds to 0.1 and N2 con-esponds to 0.9 and 
there are many upper level electrons. Because these electrons attempt to retum to the ground state, the characteristics 
of curve C11 will con-espondto the amplification operation of an EDR ForcurveCH the gain coefficient Is at a maximum 
close to a wavelength of 1 530 nm. The gain coefficient grows smaller as the wavelength moves towards 1 520 nm and 
1570 nm. The state of an EDF exhibiting characteristics of curve C11 can be explained by the fact that the EDF Is 
almost equivalent to an entire reversal distribution state of an EDF in an excited state. In other words, the first optical 
fiber (first EDF), for example, whereinto pumping light Is entering can be said to be In this state. 
[0058] In contrast, for curve C3, corresponds to 0.9 and N2 corresponds to 0.1 and there are many ground state 
electrons. Because these electrons absorb energy and attempt to rise to the upper level, the characteristics of curve 

^ C3 will correspond to the absorption operation of an EDR For curve C3 the gain coefficient is at a minimum close to 
a wavelength of 1 530 nm. The gain coefficient grows larger as the wavelength moves towards 1520 nm and 1 570 nm. 
The state of an EDF exhibiting characteristics of curve C3 can be explained by the fact that the EDF is almost equivalent 
to a state of an EDF in a non-excited state. In other words, the second optical fiber (second EDF)> for example, whereinto 
pumping light is not entering can be said to be In this state. 

^ [0059] From these curves C11 and C3, it is understood that the wavelength dependency of gain coefficient g (X, z) 
of first EDF 20 that carries out amplification processing and the wavelength dependency of gain coefficient g (X, z) of 
second EDF 60 that canies out absorption processing are opposite. 

[0060] For example, one of two EDFs having Identical materials, identical lengths and Identical compositions Is ap- 
plicable to first amplification EDF 20 and the other EPF Is applicable to second absorption EDF 60. For this case, from 
^0 the result of the measurement shown in Fig. 6, it is understood that the gain of the optical signal output from optical 
fiber amplifier 50A, namely, the optical power, can be flattened extending over a wide input wavelength range and a 
wide Input power range. 

[0061 ] When actually producing optical fiber amplifier 50A, two EDFs are cut from one EDF produced under Identical 
manufacturing conditions. One of the EDFs is used as the first EDF and the other EDF is used as the second EDR 

■ For this case, the length settings of the first and second EDFs 20 and 60 for the optical fiber amplifier shown In Fig. 6 
take the following points Into consideration. Namely, detenmining the length such that tiie optical output power from 
optical fiber amplifier 50A is flattened with a fixed wavelength range. Alternatively, determining the length sudty that a 
maximum output can be obtained while achieving a desired degree of gain flattening. The lengths of the first and second 
EDFs 20 and 60 can be identical or the length of second EDF 60 can be adjusted in response to the amplification 

^ characteristics of first EDF 20. 

[0062] For other curves shown in Fig. 6, for example, curves 08 to 01 0, the ratio of upper level electrons N2 is large 
and the gain coefficient g (X, z) is positive. Therefore, an EDF having characteristics which correspond to these types 
of curves has an amplification function. Further, for curves 04 to 06, the ratio of ground state (base level) electrons 
is large and the gain coefficient g (X, z) Is negative. Therefore, an EDF having characteristics which correspond to 

^ these types of curves has an absorption function. In contrast, for curve C7, the ratio of upper level electrons Ng is equal 
to the ratio of ground state electrons N^, the gain coefficient g (X, z) is close to zero (0) and tiie ratio of ground state 
electrons of the EDF Is equivalent to a saturation state In which the amplification reaches a maximum limit. 
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[0063] From the description above, according to the present invention, an amplification EOF and an EDF which has 
characteristics opposite to the wavelength dependency of amplification characteristics of the amplification EDF are 
provided jointly in an optical fiber amplifier. It Is understood that this composition makes It possible to reduce sudden 
growth of ASE (amplified spontaneous emissions) in a 1530 nm band (for example, 1520 nm to 1540 nm) which is the 
5 amplification characteristics of an ordinary EDFA. In other words, It Is understood that by means of using EDFs with 
characteristics opposite to each other, it Is possible to achieve gain flattening extending over a wide wavelength range. 
Even further, because the absorption characteristics of an absorption EDF to reduce output deviations in response to 
variations In the optical output power amplified and output from an amplification EDF, it is understood that it Is possible 
to achieve gain flattening extending over a wide optical input power range. 

10 [0064] According to EDFA 50A in the first embodiment, by means of providing a simple composition wherein non- 
pumping second EDF 60 Is disposed in the output stage as first gain equalizer, the optical output power of this EDFA 
50A can be easily flattened extending over a wide wavelength range and a wide optical Input power range. 
[0065] As already described, because output deviations between wavelengths from an amplification EDF are reduced 
extending over a wide wavelength range and a wide optical input power range, it was necessary for a conventional 

IS optical fiber amplifier to have a movable portion, again equalizing filter with a complex composition, or an amplification 
medium with a complex composition. In contrast to this, in the compositional example of the optical fiber amplifier of 
the present invention shown in Rg. 6, it is possible to easily reduce output or gain deviations between wavelengths by 
only linking a non-pumping EDF at the output stage. In this mariner, the optical fiber amplifier of the present invention 
does not require excess control mechanisms thereby simplifying the composition and lowering the cost as well as 

20 making it possible to very effectively reduce output or gain deviations. 

[0066] Moreover, because wavelength dependency output deviations decrease for an EDFA with a one stage com- 
position, conventionally, an optical filter (loss having only wavelength dependency) was Inserted Into an EDFA. How- 
ever, according to a conventional method, the output from an EDFA was the same as before Inserting this optk^al filter 
or was reduced by only fundamentally reducing Increases in the ASE output in the 1530 nm band. In contrast to this, 

25 according to the optical fiber amplifier of the first embodiment of the present Invention, there is more Increase in the 
optical output power (optical signal) close to 1 550 nm to 1560 nm for a an EDFA with a one stage composition compared 
to before an output deviation reductton means (second EDF 60) is provided. Compared to a conventional reduction 
method, reductions in the optical output power of the 1 530 nm band and Improvements (increase) in the optbal output 
power of the 1550 nm band contnliute to an increased transmission capacity and a longer span of transmission loss 

30 compensation along with higher outputs EDFA 60. 

[0067] Next, results of comparative experiments between the conventionally composed EDFA of Fig. 3 (B) and the 
EDFA with the composition of the first embodiment of the present invention of Fig. 6 will be described. 
[0068] Fig. 7 (A) shows wavelength dependency of the optical output power of a conventional EDFA 1 0A and Fig. 7 
(B) shows characteristic curves of the wavelength dependency of optical output power of EDFA 50A of the first em- 

35 bodlment including gain flattening EDF 60. Either of these figures show the results when a wavelength division multi- 
plexing signal of 8 waves each of which are -12 [dBm/ch] are input at an optical Input power Pin. In each figure the 
wavelength is shown In the horizontal axis (units; nm) and the optical output power Pout is shown In the vertical axis 
(units: dBm). 

[0069] From Fig. 7 (A) and Fig. 7 (B) it Is understood that output deviation AG in the optical output of EDFA 50A Is 
40 3.33 [dBm] compared to deviation AG in the optical output of conventional EDFA 10A that is 5.82 [dBm]. Further, In 

contrast to the total optical output power of 8 waves for conventional EDFA 10A at 14.74 [dBm], the total optical output 

power of 8 waves for EDFA 50A was 13.54 [dBm]. From these facts it can be understood that by means of providing 

EDF 60, the power toss of EDFA 50A is remaricably reduced more than conventional EDFA 10A. 

[0070] in like manner, Fig. 8 (A) and Fig. 8 (B) both show the results of optical output power Pout when a wavelength 
45 division multiplexing signal of 8 waves each of which are -24 [dBm/ch] are input at an optical input power Pin. In each 

figure the wavelength Is shown in the horizontal axis (units: nm) and the optical output power Pout Is shown in the 

vertical axis (units: dBm). 

[0071] From Fig. 8 (A) and Fig. 8 (B) it is understood tiiat output deviation AG In tiie optical output of EDFA 50A is 
5.91 [dBm] compared to deviation AG In the optical output of conventional EDFA 1 0A that is 8.77 [dBm]. Further, in 

so contrast to the total optical output power of 8 waves for conventional EDFA 1 0A at 1 0. 1 7 [dBm], the total optical output 
power of 8 waves for EDFA 50A was 8.62 [dBm]. From these facts it can be understood that by means of providing 
EDF 60, the power loss of EDFA 50A Is remari<ably reduced more than conventional EDFA 10A. 
[0072] Even further, focusing attention on an optical signal of 4 waves centered on 1540 nm, It is understood that 
even if -1 2 [dBm] and -24 [dBm] are present at the optical Input power Pin, tiie optical output power of EDFA 50A will 

S5 rise approximately 0.5 dB higher than conventional EDFA 1 0A by means of providing EDF 60. Moreover, in the above- 
mentioned experiments, since the gain of EDF 60 was not optimized, the optical output power dropped only marginally. 
[0073] Next, referring to Fig. 9 (A) to Fig. 9 (D), tiie relationship between the optical Input power Pin and the optical 
output power Pout, namely, experimental results on the dependence of the optical input power of the optical output 
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power, will be described for EDFA 50A of the first embodiment of the present invention. In addition, in this experiment 
EDF 20 and 60 were used different from those used for the experiments on the wavelength dependence of the optical 
output power of Fig. 7 and Fig. 8. The measurements were canied out on 4 multiplexed signals and 4 groups of different 
wavelength ranges were used. In these Figs. 9(A) • 9(D), the optical Input power Pin [dBm/ch] is shown in the horizontal 

5 axis, the optical output power Pout [dBm] is shown on the left side in the vertical axis and gain deviations (output 
deviations) A G [dB] is shown on the right side in the vertical axis. The measurements used an optical spectrunn analyzer. 
[0074] Fig. 9 (A) shows results of groups of the following wavelengths: a = 1 530.33 nm, b = 1 531 .90 nm, c = 1 533.47 
nm and d = 1535.04 nm as well as gain deviation curve Q. Fig. 9 (B) shows results of groups of the following wave- 
lengths: e = 1538.1 9 nm, f = 1539.77 nm, g = 1541 .35 nm and h = 1542.94 nm as well as gain deviation curve R. Fig. 

10 9 (C) shows results of groups of the following wavelengths: i = 1547.72 nm, j = 1549.32 nm, k = 1550.92 nm and I - 
1552.52 nm as well as gain deviation curve S. Fig. 9 (D) shows results of groups of the following wavelengths: m = 
1555.75 nm, n = 1 557.36 nm, o = 1558.98 nm and p = 1580.61 nm as well as gain deviation curve T. In the wavelength 
range of Fig. 9 (A) it is understood that gain deviation AG of the first embodiment of the present Invention is approxi- 
mately 2 to 4 dB In contrast to gain deviation AG of a conventional EDFA at approximately 8 to 1 0 dB. In lii<e manner, 

IS in the wavelength range of Fig. 9 (B) It is understood that gain deviation AG of the first embodiment of the present 
invention is approximately 0.6 to 1 dB in contrast to gain deviation AG of a conventional EDFA at approximately 3 dB 
or more. In like manner, in the wavelength range of Fig. 9 (C) it Is understood that gain deviation AG of the first em- 
bodiment of the present invention is approximately 0.6 to 1.2 dB in contrast to gain deviation AG of a conventional 
EDFA at approximately 3 dB or more. In like manner, in the wavelength range of Fig. 9 (D) it is understood that gain 

20 deviation AG of the first embodiment of the present Invention is approximately 0.6 to 1 .7 dB in contrast to gain deviation 
AG of a conventional EDFA at approximately 3 dB or more. Thus, according to the composition of EDFA 50A of the 
first embodiment, It can be understood that the optical input power dependency of gain deviation AG is much smaller 
than conventional EDFA 10A. 

[0075] Furthemiore, in the composition of the first embodiment, EDF 60 (first gain equalizer) is provided In the rear 
25 stage of amplification EDF 20 for EDFA 50A. in the present Invention however, as long as the combined characteristics 
of the amplification characteristics of EDF20 and the absorption characteristics of EDF 60 are flat, gain flattening EDF 
60 can be provided at any position with respect to amplification EDF 20. Therefore, this EDF 60 can be provided 
between the front stage of EDF 20, for example, the front stage of isolator 26 or Isolator 26 and WDM coupler 22. 
[0076] Even further, the first pumping light source of the first embodiment Is not limited to a single semiconductor 
30 laser but can apply a composition that uses a few pumping light output from a plurality of pumping light sources to 
carry out compound polarization or wavelength multiplexing. For the fomner, a few pumping light having identical wave- 
lengths undergo compound polarization by means of a polarizing beamsplitter fomiing the first pumping light. For the 
later, a few pumping light having different wavelengths undergo wavelength multiplexing by means of a WDM coupler 
fonning the first pumping light. 

35 [0077] According to the composition of EDFA 50A of the first embodiment, because gain flattening EDF 60 functions 
in a manner that does not transfer a noise component in the amplification process of amplification EDF 20, there is no 
S/N degradation. 

Second Embodiment 

40 

[0078] Next, a second embodiment of the optical fiber amplifier of the present invention will be described. Fig. 1 0 is 
a block diagram showing an example of another composition of optical fiber amplifier 50B of the present invention. 
This optical fiber amplifier 508 comprises an BP type EDFA 10B described referring to Fig. 3 (C) as a main optical 
amplifier along with first gain equalizer 60 being connected between main optical amplifier 10B and output port 14. 
45 Therefore, each compositional element of main optical amplifier 10B in Fig. 10 is represented by reference symbols 
identical to Fig. 3 (C). Because this other composition is identical to the first embodiment already described referring 
to Fig. 5, overlapping descriptions will be omitted as necessary. Further, even if second Isolator 28 is not provided in 
the composition of the second embodiment, the same effects can be achieved. 

[0079] The compositional example of the second embodiment differs from the compositional example of the first 
50 embodiment by the fact that main optical amplifier 1 0B is a backward pumping type (BP type). In other words, pumping 
light supply means 22 is connected at the rear stage of amplification EDF 20, namely, between EDF 20 and second 
Isolator 28. Therefore, the first WDM coupler 22b is disposed between EDF 20 and second isolator 28 and the optical 
signal from EDF 20 passes towards the second Isolator 28. In contrast, pumping light from pumping light source 22a 
passes towards EDF 20 in a direction opposite to the optical signal. Because EDFA SOB of the compositional example 
55 of the second embodiment utilizes a BP type EDFA, pumping light leakage passing through EDF 20 does not enter 
the second optical fiber (EDF) (the first gain equalizer) 60. 

[0080] According to the second embodiment. In addition to the effects obtained by the above-mentioned BP type 
EDFA, effects identical to those described In the first embodiment can be achieved. Namely, the simple method of 
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providing non-pumping EDF 60 in the output stage of EDFA50B makes it possible to increase the output of the optical 
output power together with maldng it possible to achieve very accurate flattening of the optica! output power extending 
over a wide input wavelength range and a wide optical input power range. 

5 Third Embodiment 

[0081] Next, a third embodiment of the optical fiber amplifier of the present invention will be described. Fig. 11 is a 
block diagram showing an example of another composition of the optical fiber amplifier of the present invention. This 
optical fiber amplifier 50C comprises an BDP type EDFA 1 DC described referring to Fig. 3 (D) as a main optical amplifier 
10 along witii first gain equalizer 60 being connected between main optical amplifier IOC and output port 14. Therefore, 
each compositional element of main optical amplifier IOC in Fig. 11 is represented by reference symbols identical to 
Fig. 3 (D). Because this other composition is Identical to the first embodiment already described referring to Fig. 5, 
overlapping descriptions will be omitted as necessary. 

[0082] The compositional example of the third embodiment differs from the compositional example of the first and 
IS the second embodiments by ttie fact that main optical amplifier IOC is a bi-directional pumping type (BDP type). In 
other words, pumping light supply means 22 is connected at tfie front stage and the rear stage of amplification EDF 
20, namely, between EDF 20, first isolator 26 and second isolator 28. Therefore, one first WDM coupler 22b is disposed 
between EDF 20 and first isolator 26 and tiie optical signal and pumping light from first isolator 26 pass towards EDF 
20. In contrast, the other first WDM coupler 22b is disposed between EDF 20 and second isolator 28 and tiie optical 
20 signal from EDF 20 passes towards second isolator28 along with pumping light from pumping light source 22a passing 
towards EDF 20 in a direction opposite to the optical signal. Because EDFA 50C of the compositional exarriple of the 
third embodiment utilizes a BDP type EDFA, the optical output has low noise levels as well as a high output 
[0083] The reason for this Is described below. Forward pumping excites the first optical fiber from the input side. 
Because of this, a complete reverse distribution is fonmed at the portion on the Input side of the first optical fiber leading 
25 to a favorable noise factor NF. However, the pumping power gradually dampens following transmission of pumping 
light along the lengthwise direction of the first optical fiber worsening the reverse distribution inside the first optical fiber 
thereby lowering the output from the first optical fiber. 

[0084] In contrast, because reanvard pumping excites the first optical fiber from the output side, an almost complete 
reverse distribution is possible at the portion on the output side of the first optical fiber. Because of this, a high power 

30 output Is obtained although the pumping power on tiie input side is reduced worsening the noise factor NF 

[0085] Therefore, because bi-directional pumping excites tiie first optical fiber (EDF) 20 from the input side and the 
output side, it becomes possible to fonm a complete reverse distribution at tiie entire region Inside the first optical fiber 
20. According to bi-directional pumping, a favorable noise factor NF as well as a high output are obtained. 
[0086] According to the tiiird embodiment. In addition to the effects obtained by the above-mentioned BDP type 

35 EDFA, effects identical to those described in the first embodiment can be achieved. Namely, the simple method of 
providing non-pumping EDF 60 in the output stiage of EDFA 50C makes it possible to increase the output of the optical 
output power together witii making it possible to achieve very accurate flattening of the optical output power extending 
over a wide input wavelength range and a wide optteal input power range. 

40 Fourth Embodiment 

[0087] Fig. 12 is a block diagram showing the composition of the fourtti embodiment of the optical fiber amplifier of 
the present invention. Optical fiber amplifier SOD of the fourth embodiment is an example wherein second gain equalizer 
70 Is disposed between second optical fiber 60 of the rear stage In the composition of the first embodiment and output 

45 port 14. This composition is identical to tfie composition of ttie first embodiment ottier than this second gain equalizer 
70 being provided. Therefore, overiapping descriptions will be omitted as necessary. A compositional element without 
a drive portion to flatten the gain such as an interference fitter or a fiber grating can be used as second gain equalizer 70. 
[0088] According to the example of tiie composition of the fourth embodiment shown In Rg. 12, first gain equalizer 
60 (EDF) can achieve gain flattening of the output quite effectively. However, when gain flattening of the output Is not 

so sufficiently carried out in a nanow wavelength range within a fixed wavelength range of ttie optical Input signal, gain 
flattening will be earned out again by tiiis second gain equalizer for the output of this narrow wavelength range. This 
makes It possible to achieve sufficient flattening extending over the entire fixed wavelength range. 
[0089] According to the composition of the optical fiber amplifier of the fourth embodiment, by means of providing a 
simple composition wherein non-pumping first gain equalizer 60 (EDF) is disposed In the output stage of conventional 

S5 EDFA 1 0A and second gain equalizer 70, without a movable portion, is also provided, the optical output power can be 
very accurately flattened extending over a wide input wavelength range and a wide optical input power range. 
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Fifth Embodiment 



[0090] Next, a fifth embodiment of the optical fiber amplifier of the present invention will be described. Fig. 13 is a 
blocic diagram showing an example of the composition of optical fiber amplifier 50E of the present invention. This optical 

5 fiber amplifier 50E comprises an BP type EDFA 1 0A described refemng to Fig. 3 (B) as a main optical amplifier along 
with a pumping type first gain equalizer 62 being connected between main optical amplifier 10A and output port 14. 
Therefore, each compositional element of main optical amplifier 10A In Fig. 13 Is represented by reference symbols 
identical to Fig. 3 (B). Because this other composition Is Identical to the first embodiment already described referring 
to Fig. 5, overlapping descriptions will be omitted as necessary. 

*o [0091] The compositional example of the fifth embodiment differs from the compositional example of the first em- 
bodiment by the fact that main optical fiber amplifier 50E is a forward pumping type (FP type) and first gain equalizer 
62 being a pumping type and connected between nriain optical fiber amplifier 50E and output port 14. in other words, 
in this compositional example of the fifth embodiment, first gain equalizer 62 is comprised by second pumping light 
supply means 24 and second optical fiber 60 (EDF). This second pumping light supply means 24 is connected between 

IS second Isolator 26 and EDF 60. Second pumping light supply means 24 comprises, for example, second pumping light 
generation source (LD2) 24a such as a semiconductor laser and second optical means 24b. This second optical means 
24b Is connected between second isolator 28 and second optical fiber (EDF) 60. Further, second optical means 24b 
can pass the optical signal from first optical fiber 20 towards EDF 60 along with passing pumping light towards EDF 
60, for example, the optical means can be formed by a second WDM coupler or a second polarization beam splitter. 

20 The example here uses a second WDM coupler 24b. 

[0092] The fifth embodiment differs from the compositional example of the first to the fourth embodiments by the fact 
the composition is such that the second pumping light from second pumping light source 24a enters gain flattening 
EDF 60 through second WDM coupler 24b. In this composition however, setting the power of the second pumping light 
to a weak setting will result in absorption characteristics weaker than a non-pumping state in which EDF 60 does not 

25 amplify the signal. 

[0093] This point will be described below. As already described referring to Fig. 6, the EDF operates with an absorp- 
tion function when ratio of electrons located at a ground state (base level) is more than ratio Ng of electrons located 
at an upper level (characteristic curves shown in Fig. 6). The absorption characteristics of the EDF differ depending 
on the degree of ratio. of electrons located at a ground state. Therefore, when the absorption characteristics of 

30 second optical fiber 60 (EDF) used in optical fiber amplifier 50E do not have favorable reverse characteristics In com- 
parison to the amplification characteristics of second optical fiber 20 (EDF), satisfactory gain flattening cannot be 
achieved if the absorption characteristics of EDF 60 are not adjusted. Because of this, using this second pumping light 
very slightly excites EDF 60 developing favorable reverse characteristics of EDF 60 with a smaller ratio of electrons 
located at a ground state than the ratio of electrons for a non-pumping state. In this manner optimum gain flattening 

35 can be achieved in EDF 60 by means of providing favorable absorption characteristics from, for example, characteristics 
curve C3 (non-pumping) to characteristics curve C6 (slight pumping) shown in Fig. 6. 

[0094] Further, in the fifth embodiment it is preferable to use a composition that allows the power of the pumping 
light to be varied as second pumping light supply means 24a and to adjust in advance the absorption characteristics 
of EDF 60 at the time when the optical fiber amplifiers are shipped. Even further, although an FP type EDF is sued to 
40 excite EDF 60 in the embodiment shown in Fig. 13, this embodiment Is not limited to this and a BP type or BDP type 
EDF can be used to excite EDF 60. 

[0095] According to the fifth embodiment, effects Identical to those described in the first embodiment can be achieved. 
Namely, a simple composition wherein a pumping adjustment type EDF 60 is provided in the output stage of EDFA 
50E makes It possible to Increase the optical output power together with making It possible to achieve very accurate 
45 flattening of the optical output power extending over a wide Input wavelength range and a wide optical input power 
range. 

Sixth Embodiment 

50 [0096] Next, the composition of a sixth embodiment wherein the optical fiber amplifier of the present Invention if 
applied will be described. Fig. 14 is a block diagram showing an example of the composition of the sixth embodiment, 
in the above-mentioned composition of the fifth embodiment, this optical fiber amplifier 50F has a composition provided 
with punipihg light control portion 80 that functions to adjust the absorption characteristics of first gain equalizer 62 
such that the characteristics follow the power of the optical input signal Li. Therefore, compositional elements identical 

55 to the fifth embodiment represented by identical reference symbols will be omitted as necessary. 

[0097] This pumping light control portion 80 comprises, for example, detection means 82 that detects the power of 
the optical signal input from Input port 12 and pumping light control circuit 84 that adjusts the power of the second 
pumping light in response to this power (of the optical signal). This detection means 82 is a means to monitor input 



12 



EP 0 954 071 B1 

power and is comprised by, for example, optical coupler 82a for monitoring input power, and photoelectric conversion 
element 82b, such as a photo-diode (P03), for canying out photoelectric conversion on light read by optical coupler 
82a. The signal from photoelectric conversion element 82b Is supplied to pumping light control circuit 84. A control 
signal is sent from this circuit 84 to pumping light source 24a and then the power of the second pumping light generating 

5 from pumping light source 24a is controlled based on the power of the optical Input. 

[0098] in this embodiment optical coupler 82a is disposed in the front stage of first isolator 26. Optical coupler 82a 
divides the optical signal that was Input into two portions (however, the branching ratio does not matter) and one of 
the optical branches Is output on first isolator 26 side in the main pathway and the other optical branch Is output to 
photoelectric conversion element 82. The power Pin of the optical input signal is detected by detection means 82 and 

10 then the power of the second pumping light is controlled based on the detected power Pin. Further, the circuit structure 
of pumping light control portion 80 itself uses widely known technology allowing it to be easily constructed. For example, 
other than the composition of this embodiment, optical coupler 82a can be disposed at the rear stage of first isolator 
26. the rear stage of second Isolator 28 or the rear stage of EDF 60. 

[0099] In the following the utilization of pumping light control portion 80 to control the power of the second pumping 

IS light will be described in detail. As can be understood from previously described Fig. 2, the wavelength dependency 
output (gain) deviation AG of the optical output from first optical fiber 20 (EDF) grows smaller as optical input power 
Pin grows larger. In contrast, the wavelength dependency output deviation AG grows larger as the optical input grows 
smaller. From this fact and from the absorption characteristics of the EDF already described referring to Fig. 6, the 
following two points are understood when executing absorption processing using EDF 60. As optical input power Pin 

so grows larger, namely, as wavelength dependency output deviation AG grows smaller, the characteristics of curve C6 
with a small AG from among absorption characteristic curves C3 to C6 can be applied to EDF 60. Further, as optical 
input power Pin grows smaller, namely, as wavelength dependency output deviation AG grows larger, the characteristics 
of cun/e C3 with a large AG from among absorption characteristic curves C3 to C6 can be applied to EDF 60. 
[0100] In addition, ratio N2 of electrons located at the upper level Is more than ratio of electrons located at the 

25 ground state (base level) for an EDF that develops absorption characteristic curves with a small output deviation AG. 
Accordingly, It needs to excite the EDF. Therefore, as optical input power Pin grows larger, pumping light control portion 
80 canies out control such that the power of the second pumping light from pumping light source 24a is increased. In 
contrast, as optical input power Pin grows smaller, pumping light control circuit 84 carries out control such that the 
power of the second pumping tight from pumping light source 24a Is decreased. While being a matter of course, even 

30 if optical input power Pin is very large, injection of pumping light is not carried out by the abovennentioned control until 
EDF 60 executes a degree of amplification. In other words, pumping light control portion 80 controls EDF 60 within a 
range of > N2 wherein ratio N2 of electrons located at the upper level does not exceed ratio of electrons located 
at the ground state. Control of the power of the second pumping light from second pumping light source 24a can be 
continuous or in stages. 

35 [01 01] Moreover, this control is suitably adjusted in advance by means of repeatedly testing control for each optical 
fiber amplifier 50F using pumping light control portion 80 and suitably adjusting the relationship between the detected 
Input power, the magnitude of the control signal based on that input power, and the power of the second pumping light 
from tiie second pumping light source. 

[01 02] In this manner, the simple composition of pumping light control portion 80 In which optical fiber amplifier 50F 

40 of the sixth embodiment is added to the composition of the fifth embodiment allows a composition wherein the power 
of the second pumping light injected into gain flattening EDF 60 is controlled in response to the optical inputpower 
Therefore, the optical fiber amplifier of the present invention makes it possible to achieve very accurate flattening of 
the optical output power extending over a wide input wavelength range and a wide optical input power range. Even 
further, the optical fiber amplifier of the sixth embodiment can also reduce the wavelength dependency output deviation 

45 AG more than the compositional examples of each embodiment already described. 

[01 03] According to the example of the composition of the sixth embodiment, a method is provided that adjusts the 
power of the pumping light that excites absorption (gain flattening) EDF 60 and controls the flattening function. However, 
simultaneous with this, for example, the objective can be to unifonnly control the optical output power of the optical 
fiber amplifier and then control the pumping light power to EDF 20 in response to the optical input power In other 

50 words, together with controlling the power of the second pumping light to EDF 60 using pumping light control portion 
80, the power of the first pumping light to EDF 20 can be controlled as well. For this case, it is necessary to control 
first and second pumping light sources 22a and 24a such that increases and decreases in the power of the first pumping 
light and in the power of the second pumping light using pumping light control portion 80 are opposite to each other. 
For example, when tiie optical Input power is reduced in order to unif omnly control the output power of the optical fiber 

55 amplifier . the power of the first pumping light to amplification EDF 20 is Increased. At this time, the supply of second 
pumping light power to absorption EDF 60 is reduced. 

[0104] In the embodiment described referring to Fig. 14, detection of the optical Input power Is carried out In tiie front 
stage of amplification EDF 20. 
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[01 05] The detection value corresponding to the above-mentioned optical input power can be obtained from a position 
In the center (center stage) between amplification EOF 20 and absorption EDF 60 and then the power of the second 
pumping light injected to absorption EDF 60 controlled. In addition to this, the detection value con^esponding to the 
above-mentioned optical input power can be obtained from the optical output at the rear stage of absorption EDF 60 
5 and then the power of the second pumping light injected to absorption EDF 60 controlled. In addition to this as well, 
the optical signal power at a plurality of location in the main pathway can be obtained and then the power of the second 
pumping light injected to absorption EDF 60 controlled. The position where detection of the optical input signail is carried 
out can be suitably set depending on the design, 

10 Seventh Embodiment 

[0106] Next, referring to Fig. 15, an optical fiber amplifier will be described provided with an amplification EDF and 
an absorption EDF are held In a two-stage design. Fig. 15 Is a block diagram showing an optical fiber amplifier of the 
seventh embodiment of the present invention . EDFA 50G of this embodiment has a composition provided with a second 

15 main optical amplifier equivalent to the optical fiber amplifier of the conventional composition shown in Fig. 3 (B) in the 
first embodiment. In other words, EDFA 60G is composed such that first gain equalizer 60 is connected between first 
and second main optical amplifiers 1 0A-1 and 1 OA-2. The composition of these first and second main optical amplifiers 
1 0A-1 and 1 0A-2 themselves have a composition Identical to the conventional optical fiber amplifier 1 0A already de- 
scribed refemng to Fig. 3 (B). Therefore, detailed descriptions will be omitted as necessary. In Fig. 15 however, an 

20 additional number 1 is attached to each compositional element of the first main amplifier after the reference symbol 
each compositional element of Fig. 3 (B). In addition. In lilce manner an additional number 2 Is attached to each com- 
positional element of the second main amplifier after the reference symbol each compositional element of Fig. 3 (B). 
Therefore, for example, 20-1 and 20-2 are first optical fibers (amplification EDFs), 22-1 and 22-2 are first pumping light 
supply means, 22a-1 and 22-2 are first pumping light sources, 22-1 b and 22-2b are first WDM couplers (first optical 

25 means), 26-1 and 26-2 are first Isolators (non-reciprocal means), and 28-1 and 28-1 are second Isolators (non-redp- 
rocai means). 

[0107] In the composition of the seventh embodiment, the absorption characteristics of gain flattening second EDF 
60 are detennlned as follows. Two amplification EDFs 20-1 and 20-2 are equlvalentiy assumed to be replaced by one 
EDF. The absorption characteristics of second EDF 60 are set such that the amplification characteristics of the equiv- 
30 alent EDF are opposite characteristics. The relationship of this type of absorption characteristic interval can be obtained 
easily when the absorption cross section aa (X) of gain flattening second EDF 60 and emission cross section oe (A.) 
are equal to the equivalent absorption cross section aa (X) and the equivalent emission cross section oe(X) of the 
equivalent EDF 

[01 08] According to EDFA 50G of the seventh embodiment, the wavelength division multiplexing signal output from 

35 first stage main optical amplifier 10A-1 undergoes absorption processing by means of second EDF 60. Forthiscase, 
the absorption processing executes such that the wavelength division multiplexing signal output from second EDF 60 
undergoes amplification processing by means of second stage main optical amplifier 10A-2 and the power of the 
obtained optical signal is flattened. The wavelength division multiplexing signal that undenwent absorption processing 
by means of second EDF 60 and was output from this EDF is amplified by second stage main optical amplifier 1 0A-2. 

40 Therefore, the final output optical signal Iq of optical fiber amplifier 50G of the composition in this embodiment is 
flattened extending over a wide input wavelength range and a wide optical input power range. 
[0109] Although the above-mentioned seventh embodiment has a composition provided with second EDF 60 be- 
tween first stage first EDF 1 0A-1 and second stage first EDF 1 0A-2, the locations when this second EDF 60 is disposed 
can be other positions. For example, second EDF 60 can be disposed at the front stage of first stage first EDF 1 0A-1 

45 or the rear stage of second stage first EDF 1 0A-2 with effects being obtained identical to the composition of the above- 
mentioned seventh embodiment. When second EDF 60 is disposed at the front stage of first stage first EDF 10A-1 , 
noise factor NF Is presumed to worsen more than the composition of the seventh embodiment shown in Fig. 15. 
[01 10] Further, when second EDF 60 is disposed at the rear stage of second stage first EDF 1 0A-2, noise factor NF 
is presumed to worsen more than the composition of the seventh embodiment shown In Fig. 15. The reason for this 

50 Is as follows. Basically, when one gain flattening second EDF 60 Is disposed at the rear stage of second stage first 
EDF 10A-2, the wavelength division multiplexing signal entering one gain flattening first EDF 60 is amplified in two 
stages thereby Increasing the wavelength dependency output deviation AG of this optical signal to a large degree. 
Further, there is almost no optical signal that will enter the EDF in the wavelength region wherein the optical power is 
flattened with a fixed wavelength range or the output deviation AG Is remarkably large. Because of this, sufficient 

55 flattening cannot be achieved with only one gain flattening second EDF 60. 

[01 1 1 J In contrast to this, EDFA 50G of the seventh embodiment has a composition provided with one second EDF 
60 between first stage first EDF 10A-1 and second stage first EDF 1 0A-2. Therefore, because a wavelength division 
multiplexing signal entering one gain flattening second EDF 60 Is an optical signai amplified in one stage, the wave- 
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length dependency output deviation AG of this optical signal does not Increase that much. Further, as already described 
refening to Fig. 6, two EOFs, first EDF 20-1 and 20-2 have an amplification peak In the 1530 nm wavelength band. 
Because of this, when the amplification function of these first EDFs is small as In, for example, characteristic curves 
C8 and C9, the gain of the opticai signals from these first EDFs will be flat In a range other than the 1 530 nm wavelength 
5 band. Therefore, by means of making the gain of the optical signal from first stage first EDF 20-1 in a 1530 nm band 
smaller than the gain in another band using gain flattening second EDF 60 disposed between the stages, an amplifi- 
cation function can be executed such that the gain In a 1 530 nm band increases slightiy in second stage first EDF 20-2 
and the gain In another band is maintained as is in a flat state. In this manner, the composition of the seventh embod- 
iment makes it possible to achieve flattening in a fixed wavelength range of the optical signal finaly output compared 

10 to when one second EDF 60 Is disposed at the rear stage of second stage first EDF 20-2. 

[01 1 2] Even further, the composition of the seventh embodiment makes It possible to use second EDF 60 to control 
growth of signal gain of first stage first EDF 20-1 In a 1530 nm band. As a result, the pumping light power used In the 
amplification function of the signal in a 1530 nm band in second stage first EDF 20-2 is reduced and the pumping light 
power of that portion moves towards the 1 550 nm band. Therefore, the composition of the seventh embodiment makes 

IS it possible to realize a high output power in a wide wavelength range extending over the 1 530 nm to 1 550 nm band In 
addition to realizing flattening of the optical output signal. As already described, on the whole, the optical output power 
(in particular, optical output power In a 1550 nm band) can be Increased In comparison with the optical output power 
when using another gain equalizing means (for example, grating fiber or interference filter). 
[0113] In addition to increasing this output, EDFA 50G of the seventh embodiment can obtain effects identical to 

20 EDFA 50A of the first embodiment. In other words, it is possible to achieve veiy accurate flattening of the optical output 
power extending over a wide Input wavelength range and a wide optical Input power range by means of adding the 
simple composition wherein second EDF 60 that canies out absorption processing. ^ 
[01 1 4] Here, because gain flattening second EDF 60 is disposed between the first stage and second stage first EDFs 
20-1 and 20-2, we expect it to be possible to achieve even more accurate flattening of the optical output power compared 

25 to the case when second EDF 60 Is disposed at the front stage of first stage first EDF 20-1 or the rear stage of second 
stage first EDF 20-2. 

[0115] Further, In the compositional exanripie shown In Fig. 15, both first stage and second stage first EDFs 20-1 
and 20-2 are illustrated as EDFs excited by an FP method. However, these two first EDFs can be excited by a com- 
bination of FP type, BP type and BDP type pumping methods. 

30 

Another Embodiment 

[01 1 6] The present invention is not only limited to the above-mentioned embodiments by a person skilled in the art. 
For example, applying a composition in which pumping light is injected Into a gain flattening EDF that was described " 

35 In the fifth and sixth embodiments to the composition of an EDFA 50G of the seventh embodiment is also suitable. 
[0117] In each of the above-mentioned embodiments, the intent Is to provide equal absorption cross sections and 
emission cross sections of amplification EDFs and gain flattening EDFs. IHowever, If it is possible for the ampllfk;ation 
characteristics of an amplification EDF and the absorption characteristics of a gain flattening EDF to have opposing 
characteristics which cancel each other out, the absorption cross sections and emission cross sections In both EDFs 

40 will differ only siightiy 

[0118] Even further, positions where Isolators, WDM couplers, and optical couplers are arranged In an EDF are not 
limited to the positions described in each of the embodiments described above. These embodiments achieve each 
objective and the positions can be suitable made depending on the design. 

[0119] in the first embodiment described above, reference was made to a composition that prevents leakage of 
45 pumping light to an amplifteation EDF with respect to a gain flattening EDR The composition to prevent this leakage 
can be suitably applied to another embodiment. However, iri, for example, the composition of the fifth and sixth em- 
bodiments wherein the absorption characteristtes of a gain flattening EDF are Intentionally changed, it is not necessary 
to prevent leakage. Basically, when there Is a necessity to provide a composition that prevents leakage of pumping 
light to an amplification EDF with respect to a gain flattening EDF, this composition can be fonned, for example, using 
50 another suitable optical means such as an isolator or filter having wavelength selectivity. The selection of this opticai 
means can be done based on the wavelength of the pumping light of the amplification EDF. For example, when the 
wavelength of the pumping light is 1 .48 nm, it is preferable to use a filter and Isolator as the optical means and when 
the wavelength of the pumping light is 0.98 nm, an Isolator by itself can be used. 

[01 20] In each of tiie above-mentioned embodiments, an EDFA was described based on a one stage or two stages 
^ composition although an EDFA was a composition of three stages or more can be suitable applied to the present 
invention. 

[0121] Even further, In each of tiie above-mentioned embodiments, altiiough amplifk:ation and absorption (gain flat- 
tening) optteai fibers were described as EDFs, in tiie optical fiber amplifiers of the present Invention optical fibers otiier 
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than EDFs can be used as these optical fibers. For example, optical fibers can be used such as praseodymlunvdoped 
optical fiber amplrf iers, neodymium-doped optical fiber ampllf iers and optical fiber amplrflers doped with other rare earth 
elements. 

[0122] As made clear from the above-mentioned descriptions, according to the optical fiber amplifiers of the present 
invention, amplification optical fibers (first optical fibers) and absoiption optical fibers (second optical fibers) are pro- 
vided. The amplification optical fibers amplify a wavelength division multiplexing signal in a state excited by external 
pumping light. Normally, the wavelength dh^lslon multiplexing signal output from the ampllficatjon optical fibers differs 
depending on the wavelength of the optical power. Therefore, this output wavelength division multiplexing signal has 
a wavelength dependency output power deviation AG. Furthermore, this output deviation AG changes depending on 
the optical input power. Thereupon, the object of the present invention Is to compensate forthe wavelength dependency 
output power deviation AG with the above-mentioned absorption optical fibers being disposed in the transmission path 
of the optical signals of the optical fiber amplifiers. These absorption optical fibers have absorption characteristics 
opposite to the amplification characteristics of all the optical fiber amplifiers. Because of this, the absorption charac- 
teristics change in correspondence to the input power Therefore, these absorption optical fibers can either compensate 
for or reduce the above-mentioned output deviation AG. In this manner, the optical fiber amplifiers of the present in- 
vention have a simple composition In which absorption optical fibers are placed Into the optical signal transmission 
path of the optical fibre anr^llfier making it possible to achieve very accurate flattening of the optical output power 
extending over a wide fixed wavelength range and a wide fixed optical Input power range more than a conventional case. 
[01 23] It will be understood that the tenns "inverse distribution", "reverse distribution" and "reversal distribution state" 
used in the description refer to a state of population Inversion. 



Claims 

1. An optical fibre amplifier (50A-50G) including an optical fibre for amplifying optical signals which enter the fibre 
amplifier from an input port (1 2) and are emitted from an output port (1 4) comprising: 

a main optical amplifier (1 OA- 10C, 10A-1, 10A-2) and a first gain equalizer (60, 62) connected to said main 
amplifier between said Input port (12) and said output port (14); 

said main optical amplifier comprising a first optical fibre (20, 20-1 , 20-2) for amplifying said optical signals, 
first pumping light supply means (22) which supply a first pumping light to excite said first optical fibre, and 
non-reciprocal means (26, 26-1. 26-2, 28, 28-1,28-2) which control the reflection of light on said Input port 
and said output port; 

said first gain equalizer comprising a second optical fibre (60) for flattening the power gain of the optical signal 
to be emitted from said output port within a fixed wavelength range, characterised In that said optical signal 
Is a wavelength division multiplexed (WDM) signal; and the second optical fibre Includes a material which Is 
capable of performing stimulated emission In said second optical fibre and whereby the signal of the optical 
amplifier is such that the material is In a state of non-population inversion during operation of the amplifier. 

2. An optical fibre amplifier according to claim 1 , wherein said second optical fibre has a wavelength dependency of 
amplification characteristics identical to said first optical fibre and a wavelength dependency of absorption char- 
acteristics identical or similar to said first optical fibre within a fixed wavelength range. 

3. An opticai fibre amplifier according to claim 1 , wherein thefiattening of said gain utilises the wavelength dependency 
of absorption characteristics of said second optical fibre to compensate for a wavelength dependency output power 
deviation based on the amplification characteristics of said first optical fibre. 

4. An optical fibre amplifier according to claim 1 , wherein a first equivalent optical fibre for amplification has a light 
absorption cross-sectional surface area and a stimulated emission cross-sectional surface area identical to a sec- 
ond equivalent optical fibre for gain flattening when It Is assumed that said first optical fibre Is replaced by said first 
equivalent optical fibre and said second optical fibre is replaced by said second equivalent optical fibre. 

5. An opticai fibre amplifier according to claim 1 , wherein said first and second optical fibres are cut from one optical 
fibre produced under Identical manufacturing conditions. 

6. An optical fibre amplifier according to claim 1, wherein said non-reciprocal means comprises first isolators (26, 
26-1, 26-2) connected between said input port and said first optical fibre and second isolators (28, 28-1, 28-2) 
connected between said first optical fibre and said output port. 
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7. An optical (ibre amplifier (50E, 50F) according to claim 1 , comprising second pumping light supply means (24) that 
supplies a second pumping light to excite said second optical fibre and change the wavelength dependency of 
absorption characteristics of the fibre to characteristics different from the wavelength dependency of absorption 
characteristics during a non-pumping state. 



8. An optical fibre amplifier (50F) according to claim 7, further comprising detection means (82) that detects the power 
of said optical signal, and pumping light control circuit (80) that controls the power of said.second pumping light 
from said.second pumping light supply means. 

10 9. An optical fibre amplifier according to claim 1 , comprising a prevention means (28, 28-2) that prevents said first 
pumping light from said first pumping light supply means from entering said second optical fibre. 

1 0. An optical fibre amplifier according to claim 1 , wherein said first pumping light supply means (22) has a first pumping 
source (22a) that generates said first pumping light, and a first optical means (22b) wherethrough said signal and 
IS said first pumping light pass through; and 

said first optical means Is connected to said input port» said first pumping light source and said first optical 
fibre with said optical signal and said first pumping light being optically multiplexed passing through to said first 
optical fibre. 

20 11. An optical fibre amplifier according to claim 1 , wherein said first pumping light supply means has a first pumping 
source (22a) that generates said first pumping light, and a first optical means (22b) wherethrough said signal and 
said first pumping light pass through; and 

said first optical means is connected to said output port, said first pumping light source and said first optical 
fibre with said optical signal passing through to said output port side and said first pumping light passing through 

25 towards said first optical Vbre. 

12. An optical fibre amplifier according to claim 1 , wherein said first gain equaliser Is connected between said main 
optical amplifier and said output port. 

30 13. An optical fibre amplifier according to claim 1 , wherein said first gain equaliser is connected between said main 
optical amplifier and said input port. 

14. An optical fibre amplifier according to claim 1 , wherein said first gain equaliser is connected between said main 
optical amplifier and said output port, and a second gain equalizer (70) is provided between said first gain equaliser 

35 and said output port. 

15. An optical fibre amplifier (SOD) according to claim 14, wherein said second gain equalizer is comprised by an 
interference filter, a fibre grating, an etalon filter or a Mach-Zehnder type fitter. 

40 16. An optical fibre amplifier (50E) according to claim 7. wherein said second pumping light supply means (24) has a 
second pumping source (24a) that generates said second pumping light, and a second optical means (24b) where- 
through said signal and said second pumping light pass through; and said second optical means passes an optical 
signal towards said second optical fibre (60) or an optical signal from said second optical fibre in addition to passing 
said second pumping light towards said second optical fibre. 



17. An optical fibre amplifier according to any of claims 1 to 1 6, wherein said first and second optical fibres are doped 
with rare earth elements. 

1 8. An optical fibre amplifier according to claim 1 0 or claim 1 1 , wherein said first optical means is a polarisation beam 



19. An optical fibre amplifier according to claim 16 wherein said second optical means Is a polarisation beam splitter 
or a WDM coupler. 



Patentansprtiche 

1 . Optischer Faserverstflrker (50A-50G) mit einer optischen Faser zum Verstarken optlscher SIgnale, die von einem 
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splitter or a WDM coupler. 
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Eingangstor (12) in den Faserverstarker eintreten und von einem Ausgangstor (14) emittiert wenJen, welcher Fa- 
serverstdrker Folgendes aufweist: 

einen optischen HaupNerstSrker(1 OA-IOC. 10A-1, 10A-2) und einen ersten Verstdrkungsentzerrer(60, 62), 
der zwischen dem Eingangstor (12) und dem Ausgangstor (14) mit dem Hauptverstarker verbunden ist; 

wobei der optische Hauptverstaii<er eine erste optlsche Faser (20, 20-1 , 20-2) zum Verstarken der optischen 
Signale aufweist, eine erste Pumplteht-Zufuhreiniichtung (22), die ein erstes Pumpllchtzufuhrt, um die erste op- 
tische Faser zu erregen, und eine nichtrezlproke Elnrichtung (26. 26-1 , 26-2, 28. 28-1 , 28-2), die die Lichtreflexion 
am Eingangstor und am Ausgangstor steuert; 

wobei der erste Verstarkungsentzerrer eine zweite optische Faser (60) zum Glatten der Leistungsverstarkung 
des vom Ausgangstor zu emittierenden optischen Signals innerhalb eines festen Wellenlangenbereichs aufweist, 
daduich gekennzeichnet, dass das optische Signal ein Welienlangenmultipiex-(WDM-)Signai ist; und die zweite 
optische Faser ein Material enthSIt, das eine stimuiierte Emission in der zweiten optischen Faser durchfOhren kann 
und wobei der optische Verstarker derart ausgebildet ist, dass das Material wahrend eines Betriebs des Verstarkers 
in einem Zusland einer Nicht-Besetzungsinversion ist. 

2. Optischer Faserverstarker nach Anspruch 1 , wobei die zweite optische Faser innerhalb eines festen Wellenlan- 
genbereichs eine Wellenlangenabhangigkeit von Verstaricungscharakteristiken hat, die identlsch zur ersten opti- 
schen Faser ist, und eine Wellenlangenabhangigkeit von Absorptionscharakteristiken, die identisch oder ahnlich 
zur ersten optischen Faser ist. 

3. Optischer Fasen^erstarker nach Anspruch 1 , wobei das Gtatten der Verstarkung die WeiienlangenabhSngigkeit 
von Absorptionscharakteristiken der zweiten optischen Faser venArendet, um eine Wellenlangenabhangigkerts- 
Ausgangsleistungsabweichung baslerend auf den Verstarkungscharakteristiken der ersten optischen Faser zu 
kompensieren. 

4. Optischer Faserverstarker nach Anspruch 1 , wobei eine erste aquivaiente optische Faser zur Verstarkung einen 
Querschnittsfiachenbereich fur eine Lichtabsorption und einen Querschnlttsflachenbereich fur eine stimuiierte 
Emission identisch zu einer zweiten aquivaienten optischen Faser zur Verst5rkungsglattung hat, wenn angenom- 
men ist, dass die erste optische Faser durch die erste aquivaiente optische Faser ersetzt ist und die zweite optische 
Faser durch die zweite aquivaiente optische Faser ersetzt ist. 

5. Optischer FaserverstSrker nach Anspruch 1 , wobei die erste und die zweite optische Faser aus einer optischen 
Faser geschnitten sind. die unter identischen Herstellungsbedingungen erzeugt ist. 

6. Optischer Faserverstarker nach Anspmch 1 , wobei die nichtrezlproke Einrichtung erste Isolatoren (26, 26-1 , 26-2) 
aufweist, die zwischen dem Eingangstor und der ersten optischen Faser angeschlossen sind, und zweite isolatoren 
(28, 28-1 , 28-2) die zwischen der ersten optischen Faser und dem Ausgangstor angeschlossen sind. 

7. Optischer Faserverstarker (50E, 60F) nach Anspruch 1 , der eine zweite Pumplicht-Zufuhrelnrlchtung (24) aufweist, 
die wahrend eines nichtpumpenden Zustands ein zweites Pumpllcht zum En'egen der zweiten optischen Faser 
und zum Andem der Wellenlangenabhangigkeit von Absorptionscharakteristiken der Faser zu Charakteristiken 
zufQhrt, die unterschiedlich von der Wellenldngenabhingigkelt von Absorptionscharakteristiken sind. 

8. Optischer Faserverstarker (50F) nach Anspruch 7, der weiterhin eine Erfassungseinrichtung (82) aufweist, die die 
Leistung des optischen Signals erfasst und eine Pumpllcht-Steuerschaltung (80), die die Leistung des zweiten 
Pumplichts von der zweiten Pumpiteht-Zufuhreinrichtung steuert. 

9. Optischer Faserverstarker nach Anspruch 1 , der eine Verhinderungseinrichtung (28, 28-2) aufweist, dieverhindert, 
dass das erste Pumpllcht von der ersten Pumpllcht-Zufuhreinrichtung in die zweite optische Faser eintrltt. 

10. Optischer Faserverstaricer nach Anspnich 1 , wobei die erste Pumpllcht-Zufuhreinrichtung (22) eine erste Pump- 
quelle (22a) hat, die das erste Pumpllcht erzeugt, und eine erste optische Einrichtung (22b), durch wetehe das 
Signal und das erste Pumplicht durchlaufen; und 

die erste optische Einrichtung mit dem Eingangstor, der ersten Pumplichtquelle und der ersten optischen 
Faser verisunden ist, wobei das optische Signal und das erste Pumpllcht, die optlsch gemultlplext sind, durch die 
erste optische Faser laufen. 
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11. Optischer Faserverstarker nach Anspruch 1 , wobei die erste Pumpiicht-Zufuhreinrichtung eine erste Pumpquelle 
(22a) hat, die das erste Pumplicht erzeugt, und eine erste optisclie Einrichtung (22b), durch welche das Signal 
und das erste Pumplicht laufen; und 

die erste optische Einrichtung mrt dem Ausgangstor, der ersten Pumplichtquelle lind der ersten optischen 
5 Faser verbunden ist, wobei das optische Signal zur Ausgangstorselte ISuft und das erste Pumplicht in RIchtung 
zur ersten optischen Faser lauft. 

12. Optischer Faserverstarker nach Anspmch 1, wobei der erste Verstfirkungsentzen^er zwischen dem optischen 
Hauptverstarker und dem Ausgangstor angeschlossen ist. 

10 

13. Optischer Faserverstarker nach Anspnjch 1, wobei der erste Verstarkungsentzerrer zwischen dem optischen 
Hauptverstdrker und dem Eingangstor angeschlossen ist. 

14. Optischer Faserverstarker nach Anspruch 1 , wobei der erste Verstarkungsentzerrer zwischen dem optischen 
'5 Hauptverstarker und dem Ausgangstor angeschlossen ist und ein zweiter Verstarkungsentzerrer (70) zwischen 

dem ersten Verstarkungsentzenrer und dem Ausgangstor vorgesehen Ist 

15. Optischer Faserverstarker (500) nach Anspruch 14, wobei der zwelte Verstarkungsentzerrer aus einem Interfe- 
renzfliter, einem Fasergitter, einem Etalonfilter oder einem Filter vom Mach-Zehnder-Typ besteht. 

20 

16. Optischer Faserverstarker (50E) nach Anspruch 7, wobei die zwelte Pumplicht-Zufuhrelnrbhtung (24) eine zwelte 
Pumpquelle (24a) hat, die das zweite Pumpteht erzeugt, und eine zweite optische Einrichtung (24b), durch welche 
das Signal und das zweite Pumplicht laufen; und die zweite optische Einrichtung ein cptisches Signal in RIchtung 
zur zweiten optischen Faser (60) fuhrt, oder ein optisches Signal von der zweiten optischen Faser zusatzlteh zum 

2S Fuhren des zweiten Pumplichts in RIchtung zur zweiten optischen Faser. 

17. Optischer Faserverstarker nach einem der Anspruche 1 bis 16, wobei die erste und die zweite optische Faser mit 
Seitenerden-Elementen dotiert sind. 

30 18. Optischer Faserverstarker nach Anspruch 1 0 oder 1 1 , wobei die erste optische Einrichtung ein Poiarisations-Strahl- 
teiler oder ein WDM-Koppler ist. 

19. Optischer Faserverstarker nach Anspruch 16, wobei die zweite optische Einrichtung ein Polarlsations-Strahlteiler 
Oder WDM-Koppler Ist. 
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Revendicatlons 

1. Amplifrcateur ^ fibre optlque (50A-50G) comportant une fibre opttque pour amplifier des signaux optlques qui 
40 pdn&trent dans Tampiificateur h fibre par un acchs d'entr§e (12) et sont ^mis par un acc^ de sortie (14), 

comprenant: 

un amplif icateur optlque principal (1 OA-1 00, 1 0A-1 , 1 0A-2) et un premier igaliseur de gain (60, 62) connecte 
audit amplificateur principal entre ledit acc6s d'entree (12) et ledit acces de sortie (14) ; 
45 ledit amplificateur optique principal comprenant une premiere fibre optlque (20, 20-1 , 20-2) pour amplifier 

lesdits signaux optlques, des premiers moyens de foumiture de lumi&re de pompage (22) qui foumissent une 
premiere lumifere de pompage afin d'exciter ladite premiere fibre optique, et des moyens non r6ciproques (26, 
26-1 , 26-2. 28, 28-1 , 28-2) qui commandant la reflexion de la iumi^re sur ledit acc^s d'entree et ledit acc^s 
de sortie ; 

50 ledit premier dgaliseur de gain comprenant une seconde fibre optique (60) pour aplanir le gain de puissance 

du signal optique devant etre 6mis par ledit accds de sortie k I'lnt^rieur d'une gamme de longueurs d'onde 
fixe, caracterlse en ce que ledit signal optique est un signal multiplex^ par repartition en longueur d'onde 
(WDM) ; et la seconde fibre optique comprend un mat^riau qui est capable d'effectuer une Emission stimul6e 
dans ladite seconde fibre optlque, grdce k quo! Tamplif icateur optique est configure de telle sorte que le ma- 
t^riau est dans un 6tat de non-inversion de population pendant le fonctlonnement de Pampltficateur. 

2. Amplificateur k fibre optique selon la revendication 1 , dans lequel ladite seconde fibre optique pr^sente une de- 
pendence des caracteristiques d'amplification vls-d-vls de la longueur d'onde qui est identlque k celle de ladite 
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premiere fibre optique et une dependance des caractdristiques d'absorption vts-d-vis de la longueur d'onde qui 
est identlque ou semblable k celle de ladlte premiere fibre optique dans une gannme de longueurs d'onde fixe. 

3. Ampllf icateur k fibre optique selon la revendication 1 , dans lequel i'aplanissement dudit gain utilise la d§pendance 
5 des caracterlstiques d'absorption de ladite seconde fibre optique vis-&-vis de la longueur d'onde pour compenser 

la dependance vis-^-vis de la longueur d'onde de I'ecart de la puissance de sortie en fonction des caract^ristiques 
d'amplification de ladite premi&re fibre optique. 

4. Amplificateur k fibre optique selon la revendication 1 , dans lequel une premi&re fibre optique dqulvalente deistin^e 
10 k rampliflcation pr^sente une superficle de section efficace d'absorption de ia lumiere et une superficie de section 

efficace d'emission stimulee identlques k celles d'une seconde fibre optique equivaiente pour I'aplanissement du 
gain lorsqu'on fait Thypoth^e que ladite premiers fibre optique est remplacSe par ladite premiere fibre optique 
Equivaiente et que ladite seconde fibre optique est rennpiacEe par ladite seconde fibre optique equivaiente. 

IS 5. Amplificateur k fibre optique selon ia revendication 1, dans lequel lesdites premiere et seconde fibres optiques 
sont d6coup6es dans une fibre optique produite dans des conditions de fabrication identlques. 

6. Amplificateur k fibre optique selon la revendication 1 , dans lequel ledit moyen non rdciproque comprend des pre- 
miers isolateurs (26, 26-1 , 26-2) connect^s entre ledit acc^ d'entr^ et ladite premiere fibre optique, et des se^ 

20 conds isolateurs (28, 28-1 . 28-2) connectes entre ladite premiere fibre optique et ledit acces de sortie. 

7. Amplificateur a fibre optique (50E, 50F) selon la revendication 1 , comprenant un second moyen de foumiture de 
lumiere de pompage (24) qui fournit une seconde lumiere de pompage afin d'exclter ladite seconde fibre optique 
et de transformer la dependence des caract6ristlques d'absorption vis-a-yls de la longueur d'onde de la fibre en 

25 des caracteristlques qui sont differentes de la dependance des caracterlstiques d'absorption vis-d-vis de ia lon- 
gueur d'onde pendant un 6tat de non-pompage. 

8. Amplificateur k fibre optique (50F) selon la revendication 7, comprenant en outre un moyen de detection (82) qui 
detecte la puissance dudit signal optique, et un circuit de commande de lumiere de pompage (80) qui commande 

30 la puissance de ladite seconde lumiere de pompage foumie par ledit second moyen de foumiture de lumiere de 
pompage. 

9. Amplificateur k fibre optique selon la revendication 1 , comprenant un moyen de prevention (28, 28-2) qui empeche 
la penetration de ladite premiere lumiere de pompage provenant dudit premier moyen de foumiture de lumiere de 

35 pompage dans ladite seconde fibre optique. 

10. Amplificateur k fibre optique selon la revendication 1 , dans lequel ledit premier moyen de foumiture de lumiere de 
pompage (22) comporte une premiere source de pompage (22a) qui genere ladite premiere lumiere de pompage, 
et un premier moyen optique (22b) k travers lequel passent ledit signal et ladite premiere lumiere de pompage ; et 

40 ledit premier moyen optique est connecte audit acces d'entree, k ladite premiere source de lumiere de pom- 

page et k ladite premiere fibre optique, ledit signal optique et ladite premiere lumiere de pompage etant multiplexes 
optlquement en passant k travers ladite premiere fibre optique. 

1 1 . Ampllf bateur k fibre optique selon la revendication 1 , dans lequel ledit premier moyen de foumiture de lumiere de 
45 pompage comporte une premiere source de pompage (22a) qui genere ladite premiere lumiere de pompage, et 

un premier moyen optique {22b) k travers lequel passent ledit signal et ladite premiere lumiere de pompage ; et 
ledit premier moyen optique est connecte audit acces de sortie, k ladite premiere source de lumiere de 
pompage et k ladite premiere fibre optique, ledit signal optique passant vers le cote dudit acces de sortie et ladite 
premiere lumiere de pompage passant vers ladite premiere fibre optique. 

50 

12. Amplificateur k fibre optique selon ia revendication 1 , dans lequel ledit premier egaliseur de gain est connecte 
entre ledit amplificateur optique principal et ledit acces de sortie. 

13. Amplificateur k fibre optique selon la revendication 1, dans lequel ledit premier egaliseur de gain est connecte 
55 entre ledit amplificateur optique principal et ledit acces d'entree. 

14. Amplificateur k fibre optique selon la revendication 1, dans lequel ledit premier egaliseur de gain est connecte 
entre ledit amplificateur optique principal et ledit acces de sortie, et un second.6galiseur de gain (70) est pr6vu 
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entre ledit premier egaliseur de gain et ledit acces de sortie. 

15. Amplif icateur k fibre optique (50O) selon la revendication 1 4, dans lequel ledit second Egaliseur de gain est cons- 
titud d'un filtre k interference, d'un rSseau de diffraction k fibre, d'un filtre ^talon ou d'un filtre du type Mach-Zehnder. 

5 

16. Ampiificateur k fibre optique (50E) seion !a revendication 7, dans lequel ledit second moyen de foumiture de 
lumi^re de pompage (24) comporte une seconde source de pompage (24a) qui g^ndre ladite seconde lumi^re de 
pompage, et un second moyen optique (24b) k travers lequel passent ledit signal et ladite seconde lumi^re de 
pompage ; et ledit second.moyen optique laisse passer un signal optique vers ladite seconde fibre optique (60) 

10 ou un signal optique provenant de ladite seconde fibre optique en plus de laisser passer ladite seconde luml&re 
de pompage vers ladite seconde fibre optique. 

17. Ampiificateur k fibre optique selon Tune queiconque des revendications 1^16. dans lequel lesdites premiere et 
seconde fibres optiques sont dop^es par des ^l^ents de terres rares. 

15 

18. Ampiificateur k fibre optique selon la revendication 10 ou 11, dans lequel tedit premier moyen optique est une 
sSparatrice de faisceaux k polarisation ou un coupleur WDM . 

19. Ampiificateur k fibre optique seion la revendication 1 6, dans lequel ledit second moyen optique est une sdparatrice 
20 de faisceaux^ polarisation ouun coupleur WDM. 
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